If the information in the death certificate sent to the Cause of Death Registry is absent or incomplete, data from the Norwegian Patient Register can provide information on where the patient has been treated, thus enabling the Cause of Death Registry to contact the hospitals or institutions in question.
Any benefit from such data in the quality assurance efforts of the Cause of Death Registry is limited by the fact that there is the least range of information in the Norwegian Patient Register for those whose cause of death is unknown or unspecified.
BACKGROUND The quality of the data in the Cause of Death Registry is crucial to produce reliable statistics on causes of death. The Cancer Registry of Norway uses data from the Norwegian Patient Register to request information from hospitals regarding patients registered with cancer in the patient registry, but not in the cancer registry. We wanted to investigate whether data from the Norwegian Patient Register can also be used to advantage in the Cause of Death Registry.
MATERIAL AND METHOD Data from the Cause of Death Registry on deaths that occurred during the period 2009 -2011 (N = 124 098) were collated with data on contact with somatic hospitals and psychiatric institutions during the last year of life, retrieved from the Norwegian Patient Register. Causes of death were grouped in the same way as in standard statistics on causes of death.
RESULTS Out of 124 098 deaths, altogether 34.9 % occurred in somatic hospitals. A total of 80.9 % of all deceased had been admitted to a somatic hospital and/or had attended an outpatient consultation during their last year of life. The proportion with hospital contact was highest for those whose cause of death was cancer. In cases of unknown/unspecified cause of death, more than half also had contact with hospitals, but the majority of these were registered with only outpatient consultations. Altogether 5.4 % of all deceased had been admitted to and/or had an outpatient consultation in a psychiatric institution during their last year of life. For those whose cause of death was suicide, this proportion amounted to 41.8 %.
INTERPRETATION In case of incomplete information on the cause of death, data from the Norwegian Patient Register can supply valuable information on where the patient has been treated, thus enabling the Cause of Death Registry to contact the hospitals in question. However, any potential benefit is restricted by the fact that deceased persons with unknown/ unspecified causes of death had less frequently been admitted to hospital during their last year of life.
The data quality in the Cause of Death Registry has been questioned (1). Many death certificates include logical or content errors (2, 3) , and the Cause of Death Registry has been criticised for containing a large proportion of non-specific codes or codes that cannot represent the underlying cause of death (4) . This is important, since a high quality of the data in the Cause of Death Registry is a precondition for reliable statistics on causes of death, health analyses and research.
The Cause of Death Registry receives all death notifications (5) , and the information they contain is coded in accordance with international guidelines (6) . In addition to the routine linkage to the National Registry, further medical and forensic autopsy and toxicology reports are retrieved, and checks are made against the Cancer Registry of Norway and the Medical Birth Registry (6) . The Cause of Death Registry then determines the underlying cause of death, defined as the disease or injury that initiated the chain of illnesses that caused death to occur, or as the circumstances around the accident/ external event that caused the lethal injury (6) . The underlying cause of death serves as the basis for statistics on causes of death.
The Norwegian Patient Register retrieves patient data from all parts of the specialist health services (7), including demographic and medical information. These are routinely linked to the National Registry to check the information on the patient's place of residence and retrieve information on deaths.
The Cause of Death Registry and the Norwegian Patient Register both use the International Classification of Diseases, version 10 (ICD-10) coding standard for coding of causes of death and diagnoses respectively (8) .
The 
Material and method
The study has been carried out in conformity with the Cause of Death Registry regulations (5) and the Norwegian Patient Register regulations (7) .
We retrieved information on all persons who died during the period 2009 -2011 (N = 124 098) from the Cause of Death Registry, and information on all hospitalisations and outpatient consultations during the last year of life from the Norwegian Patient Register. We included a total of 899 265 registrations from somatic hospitals and 51 933 registrations from psychiatric institutions. Information from the Norwegian Patient Register was retrieved with the aid of national identity numbers submitted by the Cause of Death Registry. The national identity numbers were first encrypted and then replaced by study allocation numbers generated by the Cause of Death Registry. The analysis files did not at any time contain identifiable national identity numbers.
Deaths in hospital were defined as having occurred when the patient's last contact (hospitalisation or outpatient consultation) was registered with «deceased» as the condition at discharge.
We grouped the underlying causes of death in accordance with the European shortlist (6) . This list is used in international cause of death statistics and includes 17 main groups and 48 sub-groups. In our presentation we have included all of the main groups, with the exception of «complica-tions of pregnancy, childbirth, and the puerperium» and «certain conditions originating in the perinatal period». These two groups accounted for 267 persons only. In addition, we have carried out analyses for the ten largest sub-groups of the European shortlist, as well as the sub-group «dementia and Alzheimer's disease», which is used in Norwegian cause of death statistics. In total, 11 sub-groups were included. The ICD-10 codes for the groupings are presented in Tables 1 and 2 .
The study is descriptive. Data linkages and analyses were carried out with the aid of the Stata statistics software package.
Results

Contact with somatic hospitals and psychiatric institutions during the last year of life by sex and age.
In total, 43 250 (34.9 %) of all deceased persons were registered as having died in a somatic hospital (Table 1) . There were large variations with regard to sex and age (data not shown). Of the total number of persons who died during the period 2009 -2011, 100 418 (80.9 %) were registered with at least one admission or outpatient consultation in a somatic hospital during their last year of life (Table 1) , with large variations by sex and age ( Figure 1) . A very small proportion of all deceased (0.2 %) were registered as having died in a psychiatric institution (Table 1) . Moreover, the table shows that a total of 6 742 deceased persons (5.4 %) had at least one admission or outpatient consultation in a psychiatric institution during their last year of life. We observed large variations in terms of sex and age ( Figure 2) . By main group of causes of death. There were major differences between the main groups of causes of death in terms of the proportion of deaths that had occurred in somatic hospitals (Table 1 ). The lowest proportion was observed when mental and behavioural disorders had been stated as the cause of death (5.1 %), followed by symptoms and unspecified conditions (6.5 %). We also found major differences with regard to contact with somatic hospitals during the last year of life. The lowest proportion was found among persons with mental and behavioural disorders as their cause of death ( Table 1) .
The proportion of deaths in psychiatric institutions was low in all main groups, with 1.3 % in the group of violent deaths as the highest value (Table 1 ). The proportion of persons who had been in contact with a psychiatric institution during their last year of life was highest in the main group of violent deaths (20.4 %) ( Table 1) .
By sub-group of causes of death. We found further major differences between the subgroups in terms of the proportion of deaths that had occurred in somatic hospitals ( Table 2 ). The proportion was lowest for persons with dementia and Alzheimer's disease as their cause of death (3.9 %), followed by those with unknown or unspecified conditions (7.3 %). In cancer-related subgroups, we found that nearly all persons involved had been registered in a somatic hospital during their last year of life (94.7 -99.2 %). The proportion was significantly lower among persons with dementia or Alzheimer's disease as their cause of death (48.3 %), as well as among persons with unknown or unspecified causes of death (57.1 %). In all sub-groups it was relatively uncommon to have had only outpatient consultations, but no hospitalisation, ORIGINAL ARTICLE
during the last year of life. An exception is found in the group with unknown/unspecified causes of death, where this applies to 42.9 % of the deceased. We carried out similar analyses for admissions to psychiatric institutions during the last year of life. In all subgroups, with the exception of suicides, the proportions for outpatient contact alone were relatively similar to the total proportions for contacts with psychiatric institutions (e- Table 3 ). In the sub-group of suicides, altogether 4.6 % were registered as having died in a psychiatric institution, 41.8 % were registered with an admission and/or outpatient consultation, and 15.2 % were registered with only outpatient contact during the last year of life. In total, 54.6 % of all women and 36.8 % of all men whose cause of death was suicide had been in contact with a psychiatric institution during their last year of life. For women, the proportion was highest in the age group 20 -49 years (61 % in total), while the proportion among men was highest in the age group 30 -39 years (46 %).
Causes of death compared to diagnostic codes
Finally we compared the underlying causes of death with diagnostic codes reported for the final year of life to the Norwegian Patient Register from somatic hospitals ( Table 2) and psychiatric institutions (e -Table 3) for the sub-groups of causes of death. With regard to cancer diagnoses, we largely found that codes equivalent to the codes for causes of death had also been registered by somatic hospitals in the Norwegian Patient Register (85.6 -91.1 %), whereas this was not as often the case for diseases of the circulatory system. Codes belonging to the sub-group of unknown and unspecified causes of death are invalid in the Norwegian Patient Register and are rarely registered there (1.1 % for somatic hospitals).
Discussion
In this descriptive study we have seen that among those who died in the period 2009 -2011, four out of five had been admitted to and/or had an outpatient consultation in a somatic hospital during their last year of life. The proportion who had been in contact with a psychiatric institution was much lower.
The proportion of deceased persons who had been in contact with a somatic hospital was relatively low among boys/men aged 10 -29 years. This can most likely be explained by a higher proportion of deaths from violent causes in these age groups.
We found that approximately one in two persons whose underlying cause of death was dementia and Alzheimer's disease had been admitted and/or had an outpatient consultation during their final year of life, with a very small proportion of deaths in somatic hospitals. This concurs with information from the Cause of Death Registry, showing that the vast majority of persons in this group died in nursing homes (data not shown).
Among persons with unknown or unspecified causes of death, more than half had been in contact with a somatic hospital during their last year of life. However, most of these were registered with outpatient consultations only, which may limit the potential benefits of retrieving data from somatic hospitals to supplement the death certificate in such cases.
For cancers as the underlying cause of death, a relatively large proportion had equivalent diagnostic codes in the Norwegian Patient Register. Since 2010, data from the Norwegian Patient Register have been routinely transferred to the Cancer Registry of Norway (9) . The Cancer Registry checks the diagnostic codes in their databases against the Norwegian Patient Register and requests supplementary information from the hospi- tals if the codes fail to match. Before the decision to introduce routine data transfer, a study was undertaken in which the data on cancer diagnostic codes in the Norwegian Patient Register were collated with data in the Cancer Registry of Norway (10) . For all groups of cancers studied, there was good correspondence between the two registries. For some forms of cancer, however, the question will remain as to whether someone has died from or with the cancer. This applies in particular to deaths among elderly men with prostate cancer (11) . In Sweden it has been shown that inclusion of data from patient records for the last year of life to determine the underlying cause of death resulted in a change for approximately 11 % of all deaths, but only for somewhat less than 5 % of deaths from cancer (12) . Another Swedish study based on a review of medical histories for the last hospitalisation before death also showed that the quality of data on causes of death varies considerably with the group of causes, with the best correspondence for cancers (13) . Similar findings have been made in France, where cancer could most frequently be identified as the last main diagnosis for persons who had died in hospital (14) .
To the best of our knowledge, no equivalent studies of contact with mental healthcare institutions during the last year of life have been made, in Norway or internationally. In our study, we found that among those who had died from violent causes, one in five had been in contact with a psychiatric institution during their final year of life. Among the deceased whose underlying cause of death was mental disorder, the corresponding figure was one in twelve. Even though the total number of persons who died from these causes is low, it might be valuable to collect supplementary information from psychiatric institutions for quality assurance of the causes of death reported to the Cause of Death Registry.
Conclusion
We have shown that four of every five persons who died during the period 2009 -2011 had been registered with an admission and/ or an outpatient consultation in a somatic hospital during their final year of life, while one in every 20 persons had been registered as having had contact with a psychiatric institution. In case of absent or incomplete information in the death certificate, data from the Norwegian Patient Register can be used to identify the hospitals/institutions in which the deceased person was treated during his/her final year of life. This information can subsequently be used to request supplementary information from the hospitals/institutions in question. As yet, however, there is no empirical evidence showing that this would prove valuable. Among deceased persons with an unknown or unspecified cause of death, only few have been treated in a somatic hospital/psychiatric institution during their final year of life. This limits the potential benefits of such data collection to the quality assurance efforts of the Cause of Death Registry. 
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